SUMMARY.-Four water-soluble carcinogens were injected at the same site subcutaneously into rats, mice or guinea-pigs, twice weekly for 5-8 weeks in order to study the evolution of the early tissue reaction. MNU was injected into rats as 0-1 ml. of 0.5% solution, and into mice as 0-1 ml. of 0-05% solution. NQO was administered to rats (0-1 or 0-2 ml. of 0.25 or 0-1 %) mice (0-1 of 0-05%) and guinea-pigs (0-5 of 0.1%). Propane sultone and BEI were administered to rats only, the former as 0-1 ml. of 3% and the latter as 0.5 ml. of 2-0% solution.
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The principal features of the tissue reaction produced by each of the four compounds in rats were similar and consisted of destruction of subcutaneous tissue, deposition of fibrin and " fibrinoid ", an abnormal pattern of fibroblastic proliferation with cytomegaly of some fibroblasts and deposition of mucopolysaccharide but little collagen formation. Moreover, the appearance of fibroblastic proliferation was delayed from the normal 2-5 days to 14-16 days.
These features are consistent with the known early effects of carcinogens on proliferating target tissues, and differ considerably from those found in the early reactive lesions to repeated injection of solutions of substances possessing physical properties such as surface activity or hypertonicity, or which precipitate at the injection site.
THiF, repeated subcutaneous injection of chemicals in rats and mice has often been used as a recommended method of carcinogenicity testing (Boyland, 1958) .
The production of local sarcomas by this means is not however, universally accepted as indicating carcinogenic potential, since physiologically important chemicals such as glucose or common salt will produce a high incidence of injection site sarcomas when this route of administration is used (Takizawa, 1940; Capellato, 1942; Grasso, 1968, unpublished results) . In addition it has been known for some time that a wide range of substances which produce sarcoma when injected repeatedly at the same site fail to exhibit any tumorigenic affect when tested by other routes (Grasso and Golberg, 1966) . Several food additives fall into this category and include food colourings (Grasso and Golberg, 1966) , sorbic acid , Tween 60 (Lusky and Nelson, 1957) and 80 (Grasso, Gangolli, Golberg and Hooson, 197 1), carboxymethyl cellulose (Lusky and Nelson, 1957; Jasmin, 1961) and carrageenan (Cater, 1961; Walpole, 1961) . In the course of previous experimental work, we have found that aqueous solutions of some of these substances possess physical properties (surface activity, acidic pH, hypertonicity, lipophilic properties) capable of producing cell injury, or else precipitate at the injection site (Gangolli, Grasso and Golberg, 1967; Grasso et al., 1969 (Druckrey, Steinhoff, Preussmann and Ivankovic, 1963) . A single intravenous injection gave a high incidence of brain and spinal cord tumours in rats and rabbits (Druckrey, Preussmann, Ivankovic and Schmiihl, 1967; Schreiber, Janish, Warzok and Tausch, 1969) .
NQO is one of a class of potent carcinogens that have produced tumours in vivo under a variety of experimental conditions. When applied to the skin of mice, hamsters and guinea-pigs, local skin tumours were produced (Parish and Searle, 1966a, b; Fujino, Chino and Imai, 1965) . Subcutaneous injections gave rise to local sarcomas and lung tumours in rats and mice (Nakahara and Fukuoka, 1969; Mori, 1962) . Propane sultone, a cyclic ester, is an alkylating agent producing local sarcomas in 100% of rats injected subcutaneously. Use of the oral and intravenous route has produced malignant tumours of the nervous system in rats (Druckrey, Kruse and Preussmann, 1968) . The fourth carcinogen, BEI, is a monofunctional alkylating agent, which has produced local sarcomas in a high percentage of rats injected subcutaneously (Walpole, 1966, personal communication) .
We have found that the lesions produced by these carcinogens differed considerably from those produced by surface-active, amphipathic, hypertonic or acidic solutions. On the other hand, the reactions produced by each of the carcinogens have many features in common.
MATERIALS AND METHODS

Aninwls
Rat8 of the CFE/CH 22 and CH 23 strain of both sexes (120-200 g.) were used in an analysis of the tissue reaction.
Mice.-Male and female mice of Ash/C 31 and ICI CFCP strain (40-60 g.) were used in the experiments. To achieve complete solution of NQO, the solute and solvent were heated at 37' C. for 10 minutes, then allowed to reach room temperature before injection. A preliminary dose of 0-1 ml. of 0-25% NQO was used initially in rats, but extensive necrosis and ulceration of the tissue at the site of injection necessitated a reduction to 0-2 ml. of 0-1% solution. The 3% propane sultone solution in C02-free distilled water had a pH of 2; 1 ml. of this solution could be neutralised by I drop of I N NaOH. The other solutions were all found to be at pH 7 ± 0-2 on checking before injection. Experimental regime Between two and four animals were killed 24 hours after the first and every subsequent injection of the carcinogens up to the termination of the experiments at 10-15 injections (5-7 weeks). Animals were killed by chloroform overdose and the injection site excised, fixed and prepared for histological examination as described by Grasso and Golberg (1966) . In these experiments 0-5% cetylpyridinium hydrochloride was added to the 10% formalin to improve mucopolvsaccharide preservation.
The whole injection site was removed, and after fixation cut into 4-5 pieces longitudinally.
Step sections of each portion were exami-lied histologically, using routine haematoxylin and eosin staining. (Pearse, 1961) (Fig. 2) (Fig. 8) . These histological pictures persisted for the duration of the experiments, the last of which terminated at 15 injections.
Reactions in mice
The similarity of tissue reactions produced by the carcinogens was apparent when other test animals were used. Mice injected with MNU and NQO presented much the same histological features described for the rats, the absence of connective tissue repair processes being just as apparent. In addition, areas of fibrin bound cysts were more extensive.
Reaction8 in guinea-pigs
The severity of the tissue reaction to NQO was not as intense when guinea-pigs were used but nevertheless the same characteristic features were present (Fig. 9) . Inhibition of the reparative response, persistent fibrin deposits and enlarged fibroblasts, all were factors that dominated the injection site.
The principal pathological findings of all the experiments reported here are summarised in Tables 11, III and IV. TABLEII. Classification of tissue responses as defined in Table U. t Number of animals in which observation was made out of the total number of animals examined.
DISCUSSION
From the above results it appears that in the three animal species used the four compounds tested have a common ability to suppress fibroblastic proliferation in response to injury from the normal 2-3 days to 14 days or longer, to induce cytological abnormalities in the fibroblasts, to inhibit or delay the formation of granulation tissue and to cause fibrinoid degeneration of collagen.
Some of these findings have been reported by other workers using polycyclic aromatic hydrocarbons, injected in oil, or incorporated into cholesterol or paraffin waxpellets. Orr(1939) foundthatthereactioninthesubcutaneoustissuesofmice to a paraffin pellet containing 2 % carcinogen appeared to be one that did not reach an effective end point. When methylcholanthrene was incorporated into the pellet, the outer zone of collagen did not mature when compared to the control pellet, and no attempt to enclose the area with fibrous tissue was seen. 3,4-Benzopyrene produced a similar histological reaction, and 1,2,5,6-dibenzanthracene and 7-methyl 1,2-benzanthracene elicited a connective tissue response which failed to condense into a firm capsule. The presence of varying amounts of fibrinoid on the inner surface of the capsule was an indication of the destructive action of the hydrocarbons upon the subcutaneous tissues.
The destructive action of carcinogens on the reactive process has previously been reportedbyWolbach (1936, 1937) and confirmed bythe observations ofRondoni (1937) , Schabad (1935) and Howes (1946) . Howes found that a wide area of destruction was caused by subcutaneous implantation of a silk thread impregnated with methylcholanthrene, the extent of damage increasing with the length of time the implant remained in position. Wolbach (1936) An analogous inhibition in the proliferation of reparative connective tissue can occur after the application of X-irradiation to a wound. Irradiation 28 hours after surgical infliction of a wound in rats resulted in a reduction of the mesenchymal cell proliferation by 53% when measured on the fifth day following injury (Grillo, 1963) . In this respect carcinogens may be said to exercise a local radiomimetic effect, additional to those observed on systemic administration (Boyland, 1957) .
A similarity of action to that found in subcutaneous tissue has been observed in the skin, where painting of hydrocarbons in several species has produced a parallel delay in the repair mechanisms of the epidermis. Howes (1946) reported that application of methylcholanthrene to the epidermis of rats resulted in an initially destructive lesion. Repair was inhibited, and after 7-10 days epithelial cells showed a slower rate of division than those of controls. Regenerated collagen fibrils in the dermis were sparse and did not differentiate. Cramer and Stowell (1941) found that carcinogens applied to mouse skin did not induce a proliferation Hooson, Grasso and Gangolli of epithelial cells but injured them and inhibited their mitotic activity for several days. Sharashidze and Bulusashvili (1966) found that a local depression of cell division and proliferation occurred after painting the skin ofmice and hamsters with dimethylbenzanthracene and methylcholanthrene. Topical application of carcinogens affects not only epithelium but also the sub-epithelial tissues in rats, mice, rabbits and guinea-pigs. Initially collagen undergoes degeneration but reconstitution of the collagen is considerably delayed after application of a variety of the carcinogenic hydrocarbons topically (Maltoni and Zajdela, 1963) .
Other workers compared the wave of mitosis induced in the epithelium of mice by the application of irritants or carcinogens. Elgjo (1968) reported that the peak of mitotic activity after the topical application of 3,4-benzopyrene occurred at about 4 days, whereas with irritants, the peak was at 2 days; Evensen (1961) (Haddow, 1951) .
Moreover, carcinogenic hydrocarbons inhibit the proliferation of fibroblasts in vitro whilst chemically related but non-carcinogenic hydrocarbons do not (Vasiliev and Guelstein, 1963) . Similar inhibition of cell division after contact withearcinogenshasbeendemonstratedusingprotozoa. Ord(1965 Ord( ,1968 exposed cultures of A. proteus to methylnitrosourethane and found that division was delayed from the normal 2-3 day interval for periods of up to 8 weeks. Amoebae 2-3 times normal size were produced.
Enlargement of cells and production of cytological abnormalities appears to be a feature common to various carcinogenic agents.
Pullinger (1941) observed an increase in the size of both cytoplasm and nuclei in epidermal cells 24 hours after treatment with 0-1% methyleholanthrene in acetone. Nuclear distortion and cytoplasmic vacuolation were also observed. Afzelius and Schoental (1967) reported an increase in the size of parenchymal liver cells 2-3 weeks after a single intragastric dose of carcinogenic pyrrolizidine alkaloids. Ultrastructural and autoradiographical studies supported the view that these enlarged hepatocytes were not degenerate, but that their large size could be interpreted as a failure of such actively metabolising cells to undergo division.
The ultrastructural changes found in the present study of the enlarged fibroblasts at the site of MNU and NQO injections are not readily interpretable.
lt is known that the nucleolus is the site of ribosomal RNA synthesis (Perry, 1963; Caspersson, Farber, Folley and Killander, 1963) . Administration of many hepatocarcinogens leads to some form of nucleolar rearrangement (Svoboda and Higginson, 1968) . It has been suggested that a change in nucleolar morphology represents the inhibition ofDNA directed RNA synthesis. However, the specificity of this morphological change after carcinogen treatment must be considered doubtful, since Actinomycin D, a non hepatocarcinogen, has also been shown to produce dissociation of the nucleolar components of hepatocytes (Goldblatt, Sullivan and Farber, 1969) and inhibit RNA synthesis (Reich, 1963 The pathological changes in the subcutaneous tissue produced by carcinogens differ widely from those produced by surface active, acidic, hypertonic or amphipathic solutions or solutions of high Ca2+ concentration. In these instances the reaction was proliferative in nature and collagen deposition, rather than destruction, was a prominent feature of the pathological changes. These differences reinforce our earlier conclusion that solutions possessing the physical properties mentioned induce the evolution of local malignancy by a mechanism which appears to be different from that of chemical carcinogens.
